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ABSTRACT 



Melodic Dictation 



Computerized Instruction (BEDICI) , 
a system of lessons which runs on the Florida PLATO real-time 
interactive graphic computer system, is part of the required 
curriculum for freshman music majors at the Florida State University 
School of Music, and provides private tutoring and practice for each 
student. The program begins by selecting a melody from the database 
and displaying the cl=f y key signature, time signature, and first 
note. The sheit four "oice cadence which follows can be repeated as 
often as necessary until the stu;>..:.t is re?dy to hear the entire 
melody, After each of the first two playings of entire melody, the 
studenthas 30 seconds to notate the melody on paper, After the third 
repetition, the student uses an interactive music editing system to 
enter his version of the melody, Two indexes are available for the 
student, one for editorial assistance and the other to help him 
determine which activity to go to next. The music data are formatted 
in a table of £»8 60-bit words of computer memory. The format 
described in detail in the appendices as are the two audio 
used. (BK) 
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MEDICI (MElodic Dictation Computerized Instruction) is a system of 
lessons which run on the Florida PLATO real-time interactive graphics computer 
system, MEDICI is now used as a part of the regular required curriculum for 
freshman music majors- 3 at the Florida State University School of Music, where 
each student is required to take this training for 100 minutes each week until 
he reaches a prescribed level of competency. MEDICI is also helping to 
recapture some of the classroom time which has heretofore been consumed by 
drill work in aural skills, and it is thus contributing to the quality of th.,* 
Music Theory curriculum in general, MEDICI was engineered by the programming" 
staff of the Center for Music Research (CMR) to approximate a one-to-one 
tutorial in melodic dictation as closely as possible, and to take maximum 
advantage of the grea'- flexibility and power of the PLATO system. 



1. The MEDICI project was made possible by Quality Improvement Funds 
allocated to the Center for Music Research (CMR) by the Legislature of the 
State of Florida, the Board of Regents of the Florida State University System, 
the Florida State University, and the FSU School of Music. The. late Dr. 
Robert 0. Lawton, Academic Vice-president of FSU, played a catalytic role in 
the MEDICI project. The Dean of the School of Music, Dr. Robert Glidden, 
provided invaluable moral and physical support. The FSU Computing Center, 
which operates Florida's PLATO system, generously provided essential 
assistance in the form of terminals and computer services through the efforts 
of its Director, Dr. Jesse H. Poore, The inventor of the Gooch Synthetic 
Woodwind, Mr. Sherwin Gooch, graciously provided the drawings for that device. 
The MEDICI interactive music editor is a generalized and modified version of 
the "Ottaviano" editor originally conceived and programmed by Steven R. 
Newcomb. The instructional design of MEDICI, as well as most of its database 
of melodies, were created by Peter Spencer, while the programming algorithms 
and the software itself were created by Bradley K Weage, Mr. Weage directed a 
staff of cintri'nutnng CMR programmers, including David Kimble, Michael 
Jackson, Byers hi' - s, and Brian Seeger. Con ■ ng n >- •.•. nors included 
Jeff Bauer, J" ""Moulin, John Edo Haefeli, m* \s ±y and Cavid Sohrader, 

2. Steven 'somb is Associate Direc **v a,j ministration, Bradley K 
Weage is O.im Joftware Engineer, and Pt pdncer is Coordinator of 
Instructional Software Development at t! center for Music Research. 
Professor Spencer is also Coordinator of Theory and Composition at the FSU 
School of Music. 

3. There are 150 music majors enrolled in the 1980-81 freshman class at the 
FSU School of Music. 



Why Was MEDICI Created? 



u. ^J, ablllty to iisten analytically is generally regarded as being 

the most difficult of all musical skills to teach. Many beleaguered classroom 
instructors try out new aural perception textbook materials each year in the 
hope that students' aural skills will show more improvement than they did 
during the previous year, but the Improvement for each class as a whole is 
generally disappointing. The problem is complex, and one which is rarely, if 
ever, solved m the classroom, because 



(1) 



There is^ usually not enough time available for teaching aural 
skills within the context of a normal curriculum of studies in 
music. 



(2) Students progress at wildly varying rates, rendering a given 
aural skills exercise suitable for only a few students at any 
one time. 
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Students* skills improve spasmodically at best under the peer 
pressure so •frequently generated in a typical classroom 
situation. 



Computer-assisted instruction is beautifully suited to solving these 
problems, It allows, within the most lexible of schedules, what amounts to 
f ri X a .^ tutoring and practice for eaen student for as many hours per day as 
facilities permit. In addition, unlike the classroom instructor, the computer 
has infinite patience, and performs uniformly regardless of the time of day. 
The privacy of the computerized learning environment allows each student to 
progress at his own pace without the detrimental effects of peer pressure, 
The convenience of self -scheduled instruction can make a vital difference to 
many students who must spend their daytime hours in other ways. 

Melodic dictation, in which the student hears a short melody and is 
required to notate it precisely, develops all the skills of analytical 
listening except the harmonic skills. Exercises in melodic dictation have 
been a part of almost all serious traditional music curricula for hundreds of 
years, but they have proved far more effective in tutorial (one-to-one) 
situations than in classrooms. MEDICI makes the individual tutoring of large 
numbers of students practical for the first time. 



When the Student Uses MEDICI 



Within the limitations imposed by the number of terminals available 
and the number of students Tiilred to take the MEDIC T ini*:ructional sequence. 



istr 

r 



each student rr: ' his own schedule of 

the day are 1 ' ' more popular than oi ' 

that student - . 1 .... :ly find that they wil ; ? 
use a terminal during the unpopular hours, and thay ru 
personal schedules accordingly. [At the FSU School of Mu 
time for 125 minutes of instruction weekly, and they 



Certain hours of 
flsrience has shown 
'• have to wait to 
.ally adjust their 
c, students reserve 
may use otherwise 



unreserved terminal time whenever it is available, Several music stations are 
never reserved, and all music stations are unreserved in the evenings.] 
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MPv^ - k W - S « hS a J rives at 3 terminal, the student sees the words "Pres< 
NEXT to begin" on the screen, He Dresses the NEXT kev and mL °J 

but it will probably be something like "mutll214« (Music Theory ffrst 
quarter, section 4), Then he Dressy wpvt .~a ineory, rirst 

nse-u.-j n fv,,,, ^ " en , Passes NEXT and the screen says, "Enter vour 

password. Only the student knows his password; this protects "that stirf£t£ 
work from being tampered with. Then MEDICI takes over. students 

, CDO . . e computer chooses a suitable melody from the database of melodies 

£t! if 1 ?? a f dls P la y s the , key signature, time signature, an I first 
note of the chosen melody. The student presses the "NEXT" k^J LJau 
short four-voice cadence in the key o? the e "r^ise he il ahtlt tT^lSfi* 

the cadence has finished playing, the student has tie option of hearing ft 
again as many times as he likes (see Figure 2), or he may prweed d^ectlv on 
to hearing the melody which MEDICI has chosen for him •rhJ . ? J . ^ -u 

Ser^^^" timeS ' hS M ^ £ * " --nlslfee S^Sal) 
aft^each of the first two playings to notate the melody on his manuLcripc 

*. 4.V, J - After **** third Playing of the melody, the student is taken, rfi^n,, 
to the editor (see "Tne Interactive Music Editor", below? The fgg SelEj 



Flaaaa prapar* your p*^ *ith th* foiiouuR, 
info™tion Wh^n ^ ^ tft ; 

oras* th« NP<T My to haar a short harmonic 
pi-s*p«*»iOfi to a#t»oi iah th* ssn-i^ kay. 

(GooeH fyRtrwtie Wo^iuiind must tea an) 




NOUJ PLAYING 



Pl ™ pr«p*r# your pap*r~ aiith tha fdlMnc 
information. Ufrwri you ara raady to proeaed 
praaa thm NEXT kay to haar * short rwrmonie' 
prorsiisfi to titibHsh th* ^orrmet kay. 

£Goooh Synthetic Uioo^yiFid raiat ba op») 



Prmss Lm to haar the profusion 4*ain, '.. 

Freaa BRCX to liive, You will f^eiva this 
sama «strcis€ whan you Saturn. 

Pr*aaa N©<T to haar the. ii*aio*Sy. If have 
Heard tha malody and laava u#ithout 
having it ^haeksd, ba aura to brine; 
your papar whan you raturn* 
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Pl*mmm pr^r* paper* with the fancying 

intsrmmtisn, Wh*n you *r* te p™«S t 

ttSaoeh fyftthatie We©dMiin£ swat be ©n> 



m 



Now p*u»ifm Iff a*cond» er 



already bean notated for him, and the 
cursors /are already set to write a note 
or rest in the next possible rhythmic 
position (Figure 4). If, out of 
curiosity or bewilderment, the student 
wishes to know what his options are at 
this point, he may press shift-HELP and 
see the display shown in Figure 5, or he 
may simply press HELP. Pressing HELP 
takeshim to the index shown in Figure 
fi f which is the main index for a lesson 
which gives instruction in the use of 
the MEDICI editor. The first ^page* of 
this instructional lesson is shown in 
Figure 7, i n Figure B, the student has 
returned to the editor with some 
understanding of how to use it # and has 
notated a quarter note c in the R two- 
line* octave * by first touching the 
appropriate boxes in the lower left hand 
side of the screen, and then touching 
the "WRITE" box. In Figure 9, the 
student has notated a half-note d 
without having to specify a different 
octave placement; the octave placement 
boxes, among others, remain selected 
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editor kelp index 

Start with ootlon ^ and f# through apt Ufi Q, 



ft* 


** Laam to writa nota* §n tha staff. 


0- 


DnUI en wr-itina; not** on tha staff * 




Fteflpine tha atf; 


a#p around* 
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"akir^ dalati™ 


« on tha staff. 
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Writing ti*a, 




s. 


functions! ee©} 


* of tha rcDlCI Editor. 



r^aaa Ihift lflQ< to oontinua work ins- 
fhift TE3*1 and typa 'sofflma^t* if you hava a 



su^aation* 



« Indicates aaotions ant araci* 
** Indieatea asotssn* ooffiplstsd* 



with 



What ^Ntatthi ootrtom of tha etr«ffi m a copy 
of th* rCDXCI rusic EDITOR. You mill &m yainc iV 
avary that you uaa on* of the FQiei iasaona, 

In this section you will ba 
to wi-ita notes on tha eereen, 

Whanavar you use one of tha fQlCl lessons, you 
will neat* to uaa a R_RT© terminal that ia equipped 
with a TOUW panel* This ia essential baoause 
tha mm nmiQ eSlTSR function* by tha uaa of 
such a penal . 
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after a "WRITE.* i n Figure 10, the 
student has failed to select a smaller 
note value, leaving the half note box 
selected. He has pressed "WRITE," but 
no note has appeared on the staff, and 
he sees the error message, "Time value 
too large to appear this late in the 
bar." In Figure 11, the student has 
finished notating the melody as he 
thinks it was played. He then presses 
shifit-NEJcr, and sees the display shown 
in Figure 12. He sees the melody as it 
was actually played for him, as well as 
his own version, with the differences 
between the two versions highlighted by 
a thick line at the horizontal locations 
of the errors. 4 He now has the option 
of hearing the original version as many 




4. IXiring judging, the given exercise is broken into fields, with each field 
representing a note or a collection of tied notes, i.e. from one point of 
articulation to the next. Subsequently the student response is compared with 
the exercise, one notesto at a time, and if anything is wrong within a field, 
the entire field is incorrect. By comparing points of articulation rather 
than actual note values, the judging routine marks as accurate either a 
correct response or a pseudo-correct response (i.e. two tied quarter notes in 
place of a half note). 
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STUDENT INDEX 



If Qm&Mh i^nthatie Wo#s*iiind in not turnasi on, 
turri i% on fsh And than nrtgi Lff|. 



NEXT to BS^fe on an 



Shi ft-«D€T to 



for tha HELP XNQ^, 

fhift-LflS t* brush up on 
iiiLtu-val raccuniti on 



Ift-OftTff 




times as he likes. [Many persons have 
suggested that is Might be valuable for 
the student to hear his own version, as 
well as the correct version of the 
melody at this point. Although this 
feature could easily be added to MEDICI, 
it was daMjSmd that th-a risk of 
confusing th,.». student outweiqhs the 
potential her -.it to be derived,] 

Having pressed shift-NEXT from 
the display shown in Figure 12, the 
student returns to the index shown in 
Figure 13. He is then free to start a 
new exercise, to see his personal 
statistics (Figure 14), to learn more 
about the MEDICI program (MEDICI Help 
Index, Figure 15, MEDICI Flowchart, 
Figure 16), to take advantage of a 
simple drill lesson in interval 
recognition (not shown), or to :e the 
current "-••nn- ; for medic I students. 



^^"aonal stat iat ioa for t«fipi*t* of mut 




HILP INDEX 
rasa tha iattgr of_tha toeU|_yoii u«ant_to study . 



UJhat this U 
Halo uiitn uaint th* a^itr'S 
Leaving; tha io»on. 
Vour parsfnal Statist tea, 
tan fCBiel work** Sehamatic- 



B8Q< to Pttupfi fc s tha ITLEfcNT lm&<* 



t^CT £o so qfi» - _ - -- _ 

acts ana antarad* 
aot iona oomplatao!* 

figyrt 14 



tta Interactive Music Mitor 

While using the MEDICI 
program , the student jots down the 
melody on manuscript paper while he is 
listening to it. Then the student uses 
an interactive music editing system to 
enter his version of the melody into 
computer memory, so that it can be 
judged as to accuracy, This 
interactive music editor is quite 
elaborate^ because students learning 
melodic dictation skills make 
unforeseeable mistakes* The computer 
must bii able to accept and store 
student responses which may only 
slightly resemble the actual melody 
(see Appendix X, "Music Eata Format in 
MEDICI"). The MEDICI editor permits 
the student to notate music on the 
terminal screen almost as freely as he 
can notate it on manuscript paper i it 
can accept illogical keypresses without 
breaking down or confusing the student. 




OfiTa t<? r^Ut BRO< for HCUP IN©©< 



The MEDICI editor supports five time signatures (2/2, 2/4, 3/4, 4/4, 
and 6/8), can handle synthetic as well is all standard key signatures, and 
provides usually one or t'/o voices with any o£ five possible clefs (treble, 
alto, tenor, basa ; and tenor-G). The limitations of the MEDICI editor are 
that melodies may not exceed the equivalent of fortv-eight eighth rotes, and 
thae triple subdivisions of the beat, except in 6/8 meter, are not allowed. 
These limitations, while not especially desirable, were not considered to 
constitute a serious impediment to effective instructional design in the 
MEDICI program. 



The Miter in Use 



_ Figure 17 is a terminal screen print (actual size) of the editor 

being used to notate an exercise. Writing a note is accomplished by first 
touching the boxes on the screen which represent the letter name, octave 
placement, and time value of the note. As each box is touched, its borders 
thicken. [The range of pitches which can be used in a given exercise is 
dependent upon the clef,] A tie to the previous note and/or an accidental 
marking may be selected. Notes may be dotted. The note or rest is written 
(and stored in memory) by touching the box marked "WRITE 1 *. Parameter 
selections may be made in any order. Only the accidentals, the dot option, 
and the tie option are self-cancelling after a "WRITE",* the other parameters 
remain in effect (and the borders of the boxes remain thickened) until changed 
by touching the same or some other box, 

Notes and rests are written at the horizontal location indicated by 
a pair of cursors (the arrows above and below the staff line). The cursors 
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move automatically, according to the value of the note or rest being written, 
to the next position where a note or rest might be written. The cursors can 
be moved forward and backward manually by means of a set of touch-activated 
cursor controls". The cursors can be moved to the next or last" possible 
position for a specific note value, or they can be moved back to the last note 
or rest written, or ahead to the next note or rest which appears on the 
screen ■ 

W a note or rest has been written incorrectly and must be changed 
the cursors must be moved to its location. There are then two ways to erase a 
note prior to writing a different one at the same location! 1) Touchinq the 

SrSTEV 1 ^" W i U dSl l te the n ° te ' and thc Parameters of the note will be 
placed back into the touch areas on the screen, thickening the bo-ders of the 
appropriate boxes, 2) Pressing shlft-ERASE r. the terminal keyset (not shown) 
will simply erase the note without changing the currently selected letter 
name, etc. 

. *V attempt at illogical notation is rejected by the program, and an 
appropriate error message is generated. There are over twenty of these 
messages, e.g., "You must select an octave placement, " "Note is too low for 
practical notation on this clef," "You must FIRST erase the later note(^) or 
rest (s) which this note or rest would overlap," and "There is no note at this 
location to be deleted," 

The software keeps track of displayed and undisplayed accidentals in 
such a way as to insure that the music on the terminal screen always conforms 
to standard notational practices. For example, if a student unnecessarily 
specifies an accidental which appears in the key signature or earlier i n *-he 
measure, the program generates an error message, and the note is written 
without displaying the specified accidental. If no accidental is specified, 
the previous notes in the measure and the key signature are cheeked to 
determine how the note should sound when it Is played by the Gooch Synthetic 
Woodwind (see Appendix II, "The Audio Routines"). 



MmiCI's Database of Melodic 

lhere are four categories of melodic exercises, and four levels of 
difficulty within each category. The categories themselves are graded, so 
that chere are actually sixteen serially graded levels of difficulty in the 
MEDICI lesson. A student proceeds through the four levels of Category a, and 
is promoted automatically to Level 1 of Category B, and so on. Table 1 shows 
the musical character of each category and level. The computer decides when 
to advance the student to a new level or: category on the basis of his 
performance. .It is possible for strong students to complete their work in 
MEDICI very rapidly, by doing accurate work. Students who have more 
difficulty get more practice at each level, because the computer advances them 
to the next level or category only when they have mastered the present one. 
[At FSU, a student "graduates" to the next level when he has a 90% or greater 
average on his most recent twenty exercises at his current level.) 



TABLE Specifications for the Melodies in Each Category 



Category As 



Level Is 



Diatonic melodies with a total length equivalent to 
24 eighth notes, consisting of six measures of 2/4, 
four measures of 3/4 or 6/8, or three measures of 
4/4. 



Level 2: 



beginning notes 
ending note i 

inter vail 1c organization: 
rhythmic organization* t 

beg inning note i 
ending note s 

i n t e rva llic org animations 



rhythmic organization* % 
Level 3s beginning notes 
ending notes 

intervall ic organization? 
rhythmic organization* s 

Level 4s beginning notes 

end ing note s 

intervall ic organizations 
rhythm i a organization* : 



tonic 
tonic 

2nds and 3rds . 
Rl 

tonic or dominant 
tonic 

2nds, -3rds, P4ths, PSths, 

and P8ves 

Rl 

ton ic, dominant, or 

mediant 

tonic 

all intervals ok 
Rl 

tonic, dominant, or 

mediant 

tonic 

all intervals ok 
R2 



"Category B; 



Diatonic melodies with a total length equivalent to 
48 eighth notes, consisting of eight measures of 
3/4 or 6/8, or six measures of 



Level Is beginning notes 



ending notes 

intervallic organization: 
rhythmic organ i zat ion* s 



tonic, dominant, or 

mediant 
tonic 

all intervals uk 
R2, two phrases 



Level 2: beginning notes tonic, dominant, mediant, 

or lead ing-tone 
ending notes tonic 
interv^llia organizations all intervals ok 
rhythmic organization*? , R3 , two phrases 
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TABLE 1 (cont'd) 



Level 3s beginning note? 



ending note i 

inter vail io organization! 
rhythmic organisation* : 

Level 4: beginning note: 
ending note : 

inter vail la organizations 
rhythmic organization*: 



tonic, dominant^ mediant, 
subdominant | or leading- 
tone 
tonic 

all intervals ok 
R2, indivisible 

all scale degrees 
tonic 

all intervals ok 
R3 , indivisible 



Category C; 



Chromatic, non-modulating melodies with a total 
length equivalent to 48 eighth notes, consisting of 
eight measures of 3/4 or 6/8, or sisc measures of 
4/4, 



Level 1: beginning note: 
ending notes 

intervall ic organization: 
non-diatonic pitch content; 

rhythmic organization*: 

Level 2: beginning note: 

ending note : 

intervallic organization: 
non-diatonic pitch content! 



rhythmic organization*: 
Level 3: beginning noten 

ending note : . 
intervallic organization: 
non-diatonic pitch content! 
rhythmic organization*: 

Level 4: beginning note: 
ending note : 

intervallic organization: 
non-diatonic pitch content: 
rhythmic organization*: 



tonic, dominant, or 

mediant 

tonic 

all intervals ok 
raised 4 and lowered 7 
(major); raised 4 (minor) 
R2, two phrases 

tonic, dominant, or 

mediant 

tonic 

all Intervals ok 
raised 1, 2, 4, and 5 
(major) raised 3 and 4 
(minor) 

R2, two phrases 

tonic, dominant, or 

mediant 

tonic 

all intervals ok 

all chromatic spell ings 

H3, two phrases 

all scale dagrees 
tonic 

all intervals ok 

all chromatic spell ings 

R3, indivisible 
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TABLE 1 (cont f d) 



Category Di 



Modulating (and, of course, chromatic) melodies 
with a total length equivalent to 48 eighth notes, 
consisting off eight measures off 3/4 or 6/8, or six 
measures of 4/4* 



Level li beginning notei 
ending note % 

intervallic organisation 
new key (in terms of o 



rhythmic organization* i 

Level 2i beginning notei 
ending notei 

intervallic organization! 
new key (in terms off old) 



rhythmic organization*! 
Level 3: beginning notei 
ending notei 

intervallic organization! 
new key (in terms of old) 



rhythmic organization*! 

Level 4i beginning note: 
ending notei 

intervallic organizatiom 
new key (in terms off old) i 



rhythmic organization*; 



tonic 

tonic in new key 

all intervals ok 

V if old key is major; 

v iff old key is minor 

R2 

tonic or dominant 

tonic in new key 

all intervals ok 

IV or vi iff old key is 

major; III or iv iff old 

key is minor 

R2 



tonic, dominant, 
mediant 

tonic in new key 
all intervals ok 
ii or " iii iff old 
majori VI or VII 
key is minor 
R2 



or 



key is 
if old 



all scale degrees 

tonic in new key 

all intervals ok 

ii , iil , iv, V, or vi 

if old key is majori III, 

IV, V, VI or VII if old 

key is minor 

R3 
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TABLE 1 (cont'd) 



* There are three divisions of rhythmic complexity, designated by 
the symbols Rl, R2, and R3. A tabulation of the meanings of 
these symbols follows (where some conflict occurs between an R 
symbol and a specification of a category, the most limit! ng 
combination of specifications applies) i 

Rl: Time signatures are limited to 2/4, 3/4, and 4/4, and 

note values are limited to whole notes, dotted half 
ncftes, half notes, and quarter notes. No ties or 
syncopations are allowed. 

R2: All time signatures and note values supported by the 

MEDICI editor are allowed, but no ties or 
syncopations are permitted* 

R3s All time signatures and note values supported by the 

MEDICI editor are allowed, as well as all possible 
rhythmic combinations,. 



The ■Instructor Lesson 8 



The MEDICI "instructor lesson" is used as a software maintenance 
utility which allows instructors to check student progress and manage student 
enrollment, At FSU, the same editor 
used by the students is used in the 
instructor lesson to enter and edit the 
melodies in the database. Figure 18 is 
a screen print of the main index for 
this lesson. 



Future Instructional Software packages 

The Center for Music Research 
is committed to continuing its 
instructional software research. In 
the future, MEDICI will continue to be 
updated, expanded r and improved. Other 
projected software packages will 
instruct music students in harmonic 
dictation, sight-singing (a new 
peripheral device is under development 
for this purpose), and keyboard drills 
in score reading, etc, (these will 
require peripheral music keyboards), 



INSTRUCTOR INDEX 



€*t«S*FV A (dUtOrtie rr>alodi*»j 3 mtuufiii 
Cataaory 0 (dU tonic m*iodi«| 6 oxuurn) 
£ataf#ry € (ehrematis ftalediaai 4 nmiurii) 
CAt««ory D (malodiaa that moduUUj 6 maaauras) 
List of Gr&u&m for whi^h Data will tea Iterad 
Sa* ftudarrt Itatiati^ tor an Enti ra Group 
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Appendix I - Music Data Ibrmat in MEDICI 



A3 the student enters and edits his response by means of the MEDICI 
editor, his work is stored in a table of 48 sixty-bit words of computer 
memory. Each of these words is segmented into four fifteen-bit variables, 
called no testes (pronounced "NQTE-stow"), Each notesto contains all the 
necessary information for its unique eighth note location on the screen. 
Successive notes are stored in consecutive words, while up to four 
simultaneous voices may be stored in the adjacent four fifteen-bit segments. 
Writing a half note fills four consecutive notestos with similar information, 
with one small difference to show that the position of the first notesto 
corresponds to the on-screen location at which the note is to be displayed. 

This system of storing a value for each eighth note allows direct 
coupling between the on-screen location of the cursors and the notesto table. 
This enables the program to check quickly whether a note will overwrite a 
previously written note or whether it is too long for the space remaining in 
the bar. It also allows notes to be deleted without having to restructure the 
remainder of the storage, thereby greatly simplifying the way in which the 
program handles such editing procedures as the replacement of a half note with 
four eighths, it also simplifies the programming of the playing routines 
which operate the Coach Synthetic Woodwind (see Appendix II). 

Each fifteen-bit notesto is further segmented into six sections, two 
sections of one bit, one section of four bits, and three sections of three 
bits in length. 

tie dot accidental package time value octave letter name 
1 1 4 3 3 3 

The time value is stored as a number from 1 to 6, a 1 representing a 
breve and a 6 representing a sixteenth note (only cases 2 through 5 are 
actually used). No provisions are made for triplets of any kind; the MEDICI 
melodies are rhythmically limited to duple subdivisions. The octave is stored 
as a number from 1 to 7, though here also the actual melodies are limited to . 
octaves 2 through 5. The letter name is similarly stored as a value from 1 to 
7 with a 1 representing a "C" and a 7 a "B». An octave or time value of, zero 
means that no octave or time .value has been chosen, a condition which will not 
allow the note to be stored. For letter names, however, a zero value 
indicates that the stored time value represents a rest rather than a note. 

The dot bit simply stores whether the note is dotted or not, the 
dotted condition causing the editing program to fill half again as many places 
in the notesto table. The tie bit is used to inform the program that a note 
should be tied back to the preceding note. (Although the user may tie a note 
back to the last or forward to- the next note, the software always stores the 
information with the second note of the tied pair). > 

The four bit segment designated as the accidental package is a 
somewhat more complex structure. The five possible accidentals (natural, 
sharp, flat, double-8ha rp and double-flat) „a re-sto red in one of three forms. — 
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The first form indicates that the note is to be played as modified by the 
given accidental and that the accidental is to be displayed immediately before 
the notehead. The second form indicates that the note is to be played as 
modified by the accidental, but only the notehead is to be displayed because 
the accidental is either in the key signature, or is implied from a previous 
accidental in the measure. The third form indicates that the note is to 
continue being played as modified by the accidental, but nothing is displayed. 
This form is used for the notestos which represent the undisplayed eighth-note 
locations used by a time value larger than an eighth-note, The zero case is 
used for a natural implied by the key signature or a previous natural in the 
measure, A value of one indicates a natural which must be displayed. The 

^Jw 2 ^ r a Ugh 5 re P resent the other accidentals in displayable form, 
with fi through 9 representing those same accidentals in implied form. Values 
from 10 through 14 represent an accidental that is part of a notesfo which is 
merely a continuation of a previous note. When a rest is written, a zero 
value or undisplayed natural is stored for the accidental. 
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Appendix lis The Audio Iteutines 

There are two audio routines, one for playing short four-voice 
cadences m the appropriate key, and the other for playing the melody with a 
single voice. The cadence routine responds to the key information stored with 
the exercise, performs several calculations, and sets the values of several 
variables. These. variables, when transmitted from the terminal to a Gooch 
synthetic Woodwind (GSW), cause it to play the appropriate cadence, The 
melodic routine takes each individual notesto, reads its octave and letter 
name and calculates a number from 0 to 87. This number represents one of the 
possible notes on the piano. The. program then adjusts this number based on 
the accidental value, calculates the correct 15-bit GSW operand and stores it 
m one of 48 audio memory variables. Whenever a new note (one that is written 
and is not tied to a preceding note) is encountered, an articulation symbol is 
placed into the unused portion of the audio memory variable which represents 
the note that needs to be slightly shortened. This is accomplished at the 
time that the exercise is chosen, for tr ■ student, so that all that is 
required for actual playing is a simple routine that interprets this 
information and sends it with appropriate timing and articulation to the Gooch 
Synthetic Woodwind, ' ' " 
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